
Accelerator Division 
Alternating Gradient Synchrotron Department 

BROORRAVEN NATIONAL LABORATORY 
Associated Universities, Inc. 

Upton, New York 11973 

Accelerator Division 
Technical Note 

AGS/AD/Tech. Note No. 290 

SOME COMMENTS ON THE AGS VACUUM SYSTEM 

K. Welch, H.C. Hseuh, J.E. Tuozzolo 

October 27, 1987 



SOME COMMENTS ON THE 

AGS VACUUM SYSTEM 

AGS Machine Physics Meeting 
October 16, 1987 

Kimo M. Welch 
Hsiao-Chaun Hseuh 
Joseph E. Tuozzolo 



. 

THE AGS VACUUM SYSTEM 
October 16, 1987 

1) HISTORY OF VACUUM PERFORMANCE. 

2 )  OUR OBJECTIVE FOR THE FUTURE. 

3 )  THE GLOBAL APPROACH TO MEETING THE OBJECTIVE. 

4 )  SINKS AND SOURCES OF GAS IN THE AGS. 

5 )  THE BEAM CHAMBER. 

0 
6 )  CHAMBER SIZE VS SPUTTER-ION PUMP SPEED. 

7) A LITTLE ON SPUTTER-ION PUMPS. 

8 )  BEAM CHAMBER OUTGASSING "NUMBERS". 

9 )  EXAMPLES OF OTHER SOURCES OF GAS IN THE AGS. 

10) THE IMPACT OF LOCAL SOURCES - THE "PRESSURE BUMP". 

11) SOLUTIONS TO MEETING OUR OBJECTIVES. 

1 2 )  THE SPECIFIC APPROACH AND OUR PROGRESS. e- 
Ki ao M. W e l c h  

O c t o b e r  16, 1 9 8 1  
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HISTORICAL SUMMARY OF THE 
AGS OPERATING PRESSURES 

PRESSURE 
(Torr)(l) 

2.4 x 10-7 
3.1 x 10-7 
2.4 x 10-7 
1.1 x 10-6 
5.1 x 10-7 
2.9 x 10-7 
4.2 x 10-7 
1.6 X 10-7 

9.6 X 10-8 

1.8 x 10-7 

PROTON BEAM 
tt I t  

I t  I t  

I t  I t  

I1  I1  

HEAVY IONS 

NO BEAMc2) 

(1) All data, except 8/30/87 entry, are from average 
of super-period sputter-ion pump current. 

(2) Data taken using PIG’S (mean, w/ sd = f 1.2 X 10-7). 

Ki m o  H. W e 1  C h 
1 0 / 1 3 / 8 7  

AGS STATUS 
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I. OBJECTIVES 

AGS VACUUM SYSTEM 
AIP ACTIVITIES 

October 16, 1987 

1) ACHIEVE AN AGS OPERATING PRESSURE OF <10-8 TORR 
WITH PROTON BEAM INTENSITIES OF 5 x 1 0 1 3  PROTONS 
PER PULSE. 

(If we achieve this for protons, we’ll do better 
for Heavy Ion operation.) 

2) MAKE THE MACHINE CONFIGURATION MORE SERVICEABLE AND 
RELIABLE SO AS TO ... 

3) MINIMIZE DOWNTIME, AND PERSONNEL EXPOSURE TO 
RADIATION. 

11. WHO’S OBJECTIVE and WHY ???  
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111. SOLUTIONS / PROBLEMS 

A. RECOGNIZE THERE ARE NO "SILVER BULLET" SOLVI."I.'ONS. 

B. REDUCE THE PROBLEM TO IDENTIFYING GAS "SOURCES" 
AND "SINKS", AND EITHER DECREASE THE FORMER OR 
INCREASE THE LATTER. 

C. PRIMARY "SINKS" OF GAS IN THE AGS: 

1) SPUTTER-ION PUMPS, 

2) CRYOPUMPS, 

3) TURBO-PUMPS (also a major source), 

4) NEG PUMPS. 



D. PRIMARY "SOURCES" OF GAS IN THE AGS: 

1) LEAKS IN VACUUM JOINTS DUE TO: 

i) MARGINAL FLANGE CLAMP DESIGN. 

ii) THE "POTPOURRI" OF VACUUM GASKETS. 

iii ) "HODGEPODGE" OF FLANGES AND 
TRANSITION JOINTS. 

2 )  LEAKS IN WELD JOINTS AND VACUUM WALL: 

i) ION PUMP BODY FAILURES (ion holes). 

ii ) "WANDERING" PROTON BEAMS. 

3 )  LEAKS IN CERAMIC-TO-METAL SEALS: 

i) ION PUMP HV FEEDTHROUGHS. 

ii) BEAM COMPONENT H.V. FEEDTHROUGHS. 

iii) PUE FEEDTHROUGHS. 



4 )  SYSTEM CONTAMINATION: 

i) HYDROCARBON CONTAMINATION FROM 
" TURBO ' S " . 

ii) HYDROCARBON CONTAMINATION FROM LEAKS IN 
HIGH VOLTAGE FEEDTHROUGH INSULATORS. 

iii) HYDROCARBON AND WATER CONTAMINATION FROM 
MATERIALS PLASTICS USED IN BEAM COMPO- 
NENTS AND INSTRUMENT CHAMBERS. 

a. PLASTICS. 

b. FERRITES. 

c. ADHESIVES. 

d. EPOXIES. 

5 )  OUTGASSING OF WALLS AND SPECIAL MATERIALS: 

i >  BEAM CHAMBER WALLS. 

ii) AL VALVE BODIES. 

iii) USE OF "SPECIAL" MATERIALS. 

iv) ETC., ETC... 
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TEST 
CONDITIONS 

A BRIEF LOOK AT BEAM 
CHAMBER OUTGASSING NUMBERS 

TOTAL OUTGASSING RATE vs TIME 
Torr -L / s ec -cm2 

24 hrs 550  hrs 

Unbaked Chamber w/ PUE. 7.2 X 10-10 ( 1 )  4.3 x 10-11 ( 2 )  

Air Baked Chamber w/ PUE. 2.0 x 10-10 ( 1 )  1 . 2  x 10-11 ( 2 )  

Air Baked Chamber, No PUE. 6.0 X 10-11 ( 1 )  3 . 5  x 10-12 ( 2 )  

Unbaked, 50 m stn.st1. Tube. No Data 2 . 5  X 10-11 ( 3 )  

Air Baked stn. stl Chamber. No Data "few" x 10-1  1 ( 4 )  

Notes: 1) Data taken by H-C Hseuh. Chambers were baked in air at 
145 OC for 24 hours. After baking, they were first 

pumped down, and then vented to air for 2 4  hours prior 
conducting measurements. 

2 )  Data is an extrapolation of Hseuh data using: 

qf = Qi (ti /tf )-m,. m = -0,903. 

3 )  K. M. Welch, Vacuum, 23, 1973, 271 .  

4 )  Hartmut Wahl, CERN SPS; data obtained in discussions with 
Hartmut during Welch visit April 1987. Chambers were air 
baked at *r 150OC for 24 hours. 



TOTAL 
HOURS 

500 

760 

910 

1100 

1420 

1450 

1480 

1500 

OUTGASSING RATE DEPENDENCE OF STEAM CLEANED 
STAINLESS STEEL BEAM TUBE ON TEMPERATURE* 

TEMP. OUTGASSING RATE RATIO TO H2 
OC Torr-L/sec-cmz H2 H2O CO CO2 

27 2.5 X 10-11 1 1.5 0.5 0.3 

35 8.3 X 10-11 1 5.0 0.4 0.3 

. . .  .. 
100 2.2 x 10-9 First Bakeout of Tube. 

23 8.2 X 1 0 - 1 2  1 0.041 0.045 0.008 

23 5.5 x 1 0 - 1 2  1 0.03 0.07 0.02 

42 2.3 X 10-11 1 0.02 0.02 0.01 

90 1.2 x 10-10 1 0.01 0.01 0.005 

120 4.6 X 10-10 1 0.007 0.004 0.005 

I: Though eddy-current heating may not be a factor in AGS, 

the issue of temperature dependence may be important 

as it relates to minor chamber temperature increases 

due to beam losses and surface gas desorption. 

Ki m o  H. W e 1  c h 
O c t o b e r  1 5 ,  1 9 8 7  
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PRESSURE IN BEAM CHAMBER DUE TO 
OUTGASSING OF CHAMBER WALLS 

Neglecting outgassing of other AGS equipment, and assuming the 
chamber is not contaminated, the pressure profile in the chamber is: 

P(x) = Pp t (ITq/2kD2)(2xl - x'), 

a simple parabolic function. 

\ 
CAPPED END 

0 1/4 1/2 3114 I 
DISTANCE FROM PUMP 
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The 

One 
may 

average pressure in a section of the chamber 

pump pumps two half-chambers. Therefore, the 
be expressed by: 

is: 

Pump pressure 

Pp = 

Then the average pressure in the AGS due to chamber outgassing 
is simply: 

100 

50 

0 

0 50  
S P  

100 

Speed at Chamber 
. ( L / s e c )  
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OPTIMUM CHAMBER-PUMP SPEED MATCH 

Setting dPav / dD = 0, 

Yields D = (SeR/3k)'/3 

For 

For 

Se = 50 L/sec 

D a 14.5 cm. 

Se = 10 L/sec 

D w 6 . 6  cm. 

Our present beam chamber has the equivalent: 

D +w 12.2 cm. 

It appears we wont have to reduce the diameter of the beam chamber, 
(joke!) but, for the optimum system (i.e. lowest avarage pressure 
possible for the given geometry) we should increase our pump speed to 
SOL/sec. 
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1 

SOME COMMENTS ON 
SPUTTER-ION PUMPS 

1) Diode and Triode Sputter-ion Pumps comprise an ensemble of Penning 
cells which store space charge. 

2) The the relative magnitude of ion current created and impinging 
on the cathodes of the cell, is termed the "sensitivity" 8 ,  of the 
device and is defined by: 

I+ = e P, 
0 = I+/P. (units are Amps/Torr). 

3 )  I+/P is dependent on the amount of electron space charge which is 
"stored" in the Penning cell. This is approximated using smooth-bore 
magnetron theory. 

PdJntid Pobntkl 

Configuration of a Penning dschgc 

2 -47r€()L(V -V,)(X - 1) - a - 
%ax [XZ- 1 + (2/x2)lnx] 

= - 47E0L(Va- V0) qmax 



c - 13 - 

8 

4 )  Variables which alter I + / P  include: 

A. Magnetic field 

B. Anode voltage 

C. Anode length 

D. Surface condition of the cathodes. 

F. Cell diameter (not fully understood), 

5 )  The "bottom line" is that pump speed is directly proportional 
to I+/P and it is a constant in pressure. 

L/sec 

100 

80 

60 

40 

20 

_ -  . 

. .  

. . . .  . _ _  . . . .  .- . . . . . . . .  
1 , . . .  L. . . . . . . . .  / 

. . . .  
. .  

. . . . . . . . . .  0 ; __.____I_ ._ -_ ...- . -. . 

10- 9 10- 8 10- 7 10- 6 

PRESSURE - Torr 

Sp : Present AGS pump speed. 

Se : Effective speed delivered to the chamber. 

0 :. Se 

a - :  Se with new pumps and larger pumpout manifold. 

with new pumps. 
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WHAT DO ALL OF THESE NUMBERS MEAN? 

1) From the data given, we may assume the beam chambers 
have a surface outgassing rate of: 

q PI 2 X 1 0 - 1 1  Torr-L/sec-cmz , 

2) Another approximation we may make is that At, the total AGS 
vacuum surface area is: 

where Ac , * 3.4 X 106 c m 2 ,  is the vacuum surface area of 
the beam chambers and pipes. 

Then the total AGS gas load Q t ,  assuming uniform outgassing through- 
out the A G S ,  should be on the order of: 

or calculated: Qt ~r* 1.4 X 10-4 Torr-L/sec. 

How does this number "square" with observed pump pressures? 

1) Assume the average pump speed, S p a v  is 50 L/sec. 

2 )  Assume the average pump pressure, P p ,  is 2 X 10-7 Torr. 

3 )  Assume there are 260 pumps in the AGS. 

Then: Qt Y 260 X Sppv X Pp. 

Or measured: Qt c* 2.6 1 0 - 3  Torr-L/sec. 

K k a o  H. We1 c h  
O c t o b e r  1 5 ,  19137 
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EXAMPLES OF AGS APPROXIMATE OUTGASSING LOADS 
FROM BEAM INSTRUMENTS AND COMPONENTS 
UNDER STATIC AND DYNAMIC CONDITIONS(4) 

COMPONENT/ STATIC( * 
INSTRUMENT OUTGASSING 

(Torr-L/sec) 

A-13 Bump Coil No Data 

B-7 Bump Coil No Data 

DYNAMIC( 3 
OUTGASSING 
(Torr-L/sec) 

3 X 10-5 (45 min) 

3 X 10-5 (45 min) 

B-5 I Xformer 7 X 10-5 (150 hr)(l) No Data 

5 X 10-5 (300 hr)(l) 9 X 10-5 (36 min) 

3 X 10-5 ( ~ 7 2  hr) 0.05 (leak problem) 

C-20 Wire Septum 

D-17 Flag Drive 

F-10 Magnet 3 X 10-5 ( ~ 7 0  hr)(l) 

G-10 Polarimeter 2 x 10-3 (25 hr) 0 
No Data 

No Data 
!i 

E-5/H-5 Kicker 3 X 1 0 - 5  (360 hr)(l) No Data 

H-20 ES Septum No Data 2 X 10-4 (45 min) 

F-5 Kicker 2 X 10-4 ( 5 )  (24 hr) No Data 

5-5 Flip Target 3 X 10-5 ( 1 )  (-170 hr) 1 X 10-3 (<15 min) 

J-19 Flip Target 3 X 10-5 (1) (-170 hr) 8 X 1 0 - 4  (<15 min) 

Notes: 1)- Data from studies by H-C Hseuh. 

2 )  "Static": outgassing component, after extended pumping, 
while equipment is not being energized or actuated. 

3) "Dynamic": outgassing component due to actuation or 
energizing. 

4) No beam present in the AGS during tests. 

5 )  Joe Schuchman, 1978. e :  
Q c  .. l o < - 5 )  ~ o r r - ~ / a e c  

K i  10 M. W e l c h  
. i o  1 3  I a 7 
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S UPER-PER I OD PRES SURE '* BUMPS '' 
ESTABLISHING AN AGS MODEL 

1) A pressure "bump" in the AGS is a local high pressure area 
stemming from outgassing of a component or a leak. 

2 )  Outgassing from an AGS component may be represented by a 
spacial "square wave" or some other q(x) along the beam pipe. 

q(xl 

0 e 2t 
0 C 

0 a C e 2t 
DISTANCE 

" S Q U A R E  W A V E "  O U T G A S S I N G  F R O M  B E A M  

C O U P O N E N T  B O X  O F  L E N G T B  ( e  - a ) .  

3 )  The outgassing may be interpreted as resulting from "n" 
little delta functions, of amplitude Q a ,  outgassing within 

_.the box, where one of these functions is defined by: 

Where 

a source at "b". 
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4 

Figure 3. The average pressure for interval (0.24 will be calcu- 
lated using delta functions distributed along the kngth (e - a), 
as shown in Figure 3. Using the long tube formula it can be 
shown that pressure along the tubing with a single 'leak' a t  b 
and of magnitude Qs is given by:. 

@ 

Q 8 ( 2 G - b ) ~  O s x s b  
2kDJd 

P(x) = P p  + 

Assume that the length (e - a) is divided into integer n equal 
sections. Subtending each section let t h e n  be an outgassing 
function of magnitude Q,, where 

0 a C e 2t 
DISTANCE 

Figure 3. Pressure and nonuniform outgassing functions appearing 
between pumps separated a distance 2L 

Define the following functions: 

u(x )=u  = 1, O<x4 26 (84  

(8b) U(X - bJ = ~i = 0, 0 < x < bi 

= 1, x 2 b l  

Equation (8c) gives the location of one of the (n + 1) delta 
functions. Note also that for some analytic/(x) in the interval 
(0,21), equation (8) implies that 

p..f(.) 0 h=J'v/o bi h- 

Using quatiow (7) and (8), Pi(x), the pressure as a function of 
x as a consequmx of the delta function located at bl. b: 

.P, = P*, + - 2kD'd 

(b, + b, + . . . + bn+l) ]xu + 
W.(blut + 6, ~2 + - * * + b n + I u n + 1 )  - 
x(u1 + u, + . . . + un+J).  

The exact expression for average pressure is then: 

Pa,,.= lim 'f 2 p,(x)dr 

which is: I sedetfiL p 

2c nt.1 

vmS5 n4,v 0 i - 1  

1 Pa, = Pp +- 4kD'd 

Analfic expression for pressures 

Where on the one hand particle beam physicists may be 
primarily interested in average pressure values, on the other 
hand there may be those interested in p r e s s y  values at specific 
locations. For example, should an rf cavity exist somewhere in 
interval (0,267, would there be problems of electrical break- 
down? For this reason analytic expressions of P(x) for a 'square 
wave' outgassing function similar to  that shown in Figure 3 
were developed. These expressions were derived using the long 
tube fonnula and equations similar to equation (S)  for appro- 
priate intervals. Due to the lengthy development only the results 
will be given, which are: 

(e - 4 x  , 

0 1 ; x s u  (13a) 
1 SP 

kD'(e - a) 

" 1 

- 

~ 5 x 5 ~  (13b) 

c s x s e  (1%) 
r c 1 

e S x S 2 6  (13d) 

The value c is that point at which dP(x)/dx vanishes and b 
given by: 

(a + e)(u - e) 
.c + e  44 

. 



AGS PRESSURE PROFILE FROM OUTGASSING 
EFFECTS OF G-10 POLARIMETER **  

IF: 

- ' 1) Static outgassing of the device is 2 X 10-4 Torr-L/sec, 
(i.e. X10 less than observed in tests after pumping 25 hours). 

2 )  Outgassing from the A 1  box, valves and tubing adjoining 
the box is < <  2 X 10-4 Torr-L/sec (it's probably on the 
order of lO-sTorr-E/sec). 

3 )  There are no leaks and beam chamber outgassing is negligible. 

4 )  There is no increase in outgassing as the result of activation 
of the "fishline", with beam. 

5 )  Only six sputter-ion pumps, on each side of the "box", pump 
on the static gas load (50 L/sec at each pump flange). 

.. . . .  * *  T h i s  i s  n o t  m e a n t  a s  a c r i t i c i s m  o f  a n y  p a r t i c u l a r  c o a p o m e n t r  
b u t  i s  g i v e n  a s  a n  e x a m p l e  t o  g i v e  p e o p l e  a " f e e l "  f o r  t h e  

s a p e r - p e r i  o d  p r e 6 8 u c e  ' p r o f  i 1 e s  w i t h  o u t g a c s s i  a g .  



THEN : 

1 

2 

3 )  

4 )  

5) 
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Total pumping on the box is 180 L/sec. 

Pressure in the box is a 1.1 X 10-6 Torr. 

Note that because of sizing of tubing, the box is 
essentially 2 meters long (1/4 of AGS at 10-8 Torr). 

The pressure at the 6 t h  pump removed on each side of 
box would be: 

p5 * 4 . 2  X 10-7 Torr. 

PIC F* 4 . 0  X 10-7 Torr. 

The average pressure, Pav, for the total 12-pump 
section would be: 

Pav 6.9 X 10-7 Torr. 

The pressure profile, dispelling the notion of a 
"local pressure bump", is: 



IV. SOLUTIONS TO THESE PROBLEMS 

1) FIX THE LEAKS. 

2 )  IMPROVE OUR DESIGN PRACTICES: 

i) JOINT DESIGNS PRACTICES (E.G. WELDING, 
BRAZING, SEALOGRAPHY). 

ii ) ESTABLISH "STANDARD" SEALING GASKETS 
FOR USE THROUGHOUT THE AGS. 

iii) IMPROVE OUR CLEANING PRACTICES, 

iii ) IMPROVE OUR "CLEANROOM" ASSEMBLY 
PRACTICES. 

3 )  SYSTEMATICALLY REFURBISH EXISTING BEAM 
COMPONENTS AND INSTRUMENTATION INCORPORATING 
NEW MATERIALS, JOINT DESIGNS AND MATERIALS. 

4 )  WHERE REQUIRED, ADD ADDITIONAL GAS "SINKS". 

5 ) WHERE GREATER "SINKS" WONT HELP, DECREASE 
THE "SOURCES" (our only option). 



. . .  . .  . . .  .. 

. . .  
. . .  . .  
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ACS OKPARTHENT ACCEIEBATOB IHFROVEHEHT PROCRAHS 
VACUUH RELATED PBOJKCTS 

TAELB lA, KEY. A Kino H. Yelcb. JoseDh TuoGCOlO 
: COCNIZAWT STAFF : TKHTATIVK SCHEDULE 

..~ 
September 25,'1981 

ACTIVITY OK ITKH 

OBTAIW L IYSTALL ALL 9-112' VACUUH CLAIIPS 

DBPIYB, OUTAIW L INSTALL ALL 9-1/2' STAWDAPD .VAC SBALS 

FLAWCB PC WBTYOR13: DBPIYB; OBTAIN I IWSTALL RYBRID CIBCUITS 

FLAWCB SUPWPT POST3 (PC USTWPH): PLIHIYATKB. 

D-IT PLIC: LIY.PD.DPIVB I FLAG HATBPIAL HOD. 

_ _ ~  

3TUPACOPP PBBDTBPOUCBB: DBPIYK, OBTAIY L INSTALL ALTBUATB. 

S B C W P  VALW.3 L AS30CIATBD CBAHBBKS/TpdwSITIOWS. 

TACK WELD PUllP IIOUHTIYG STAYD SAPBTY PLATB3. 

TECHNICAL JUSPIPICATION 
YRIOBITY 
YUHBBR 

-- 
I 

C O H H E N T S  
KI ( I 1  

-~ 
AIP BSTIWATB --) 169 

(TBST PIX. (2.5F.l 32.5 . . 

25 

0 

15 

HGCHANICAL DESIGN YBAK; PAWS PATICUBD. 

YO PBLIAULB STAWDAKD SBAL 

% % ~ D l S I C N  COWPICURATIOW, BHI, INDUCTANCK, BTC. 

HOT UBBDBD; UYSICRTLI; TUBS BPACB. 

SBAL L FLAGS AKB MAJOR CAS MAD 

UHPBLIABLK, BIGB HAIWTEWAYCB ITBH. 

2 

3 - 
VACUUH 

PBPBTA 

BKEWWAN 
-I-I-I 

VAWASSBLT ; : SUHHEK'89 : DBTAILBD BSTIWATB 134 
- 8 - 4 - 4  2 

I YIII'87 W.A. I 

8 -  CAST A1 VALVBS; BLASTOHBR TRANSITIONS. I VACUUH 
- 
VACUUH 

VACUUH 

VACUUH 

IBPBTA 

VACUUH 

VACUUH 

VACUUH 

VACUUH 

VACUUH 

VACUUH 

VACUUH 

POGBKS 

BBBWHAN 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

SAPBTY. 
t .  

- 1  

YIN'87 1 
- 8  

SUWWEP'89 : DBTAILBD BSTIHATB 89 

- 8 -  

Y.A. I IUIO-VENT ALL AC3 11803. ' 

SUPER-PBPIOD POUCBIIIC VALVBS: DBPIYB, OBTAIN L INSTALL. 

J-5/1-19 FLIP TbooBTS1 OM DBSICY M BB PBPLACBD IN '81. 

CBAH8BK PBYOPI; COWPLETK YBY BBLu)YS/PLAYCB IYSTALLATION. 

i OIL COYTIHIWITION OF ACS. 

: CAST A1 VALVB; BLASMHBLS; OIL COYTAHINATIOY. 

I BIGB AHBIBNT 1 DYWAHIC CAS MAD. 

i PUiTIWC L 'BDH' OF OLD BBLMYS. 

I .  

. 
- 1 -  

VAYASSBLT : 

PPBSBWT SEAL UWRBALIABLK. 

POUCR SUKPACB PPOH AIR PIKIHC CBRAHIC COATING. 

OIL CONTAHIWATION PBOBLKH. 

YBBD CBBATBB SPBBD AT MYBP PRKSSUKBS. 

PBLIABLB SBAL; BHI L POSSIBLB RBSOYANCBS. 

YOWB BIISTS; PBQUIPBD TO PPBSBBVB VACUUH IWTBGRITY. 

'111 TUB YORKS.' 

PLASTIC--)CBRAHIC; BLIHIWATB PLAWCB P/T VIBTUALS. 

OVAL SBAL: DBPIYB L OBTAIY YBY BEAM. 

SKIH CUT OVAL SEAL PLAWCBS I IYSTALL UBY 38ALS. 

CBMBBP 'SCBUBBIUG' DBVICB (WJIPWYT) a 

SPUTTBB-IOW POUPS: DBPIYB, OBTAIY L IHiTALL. 

SPUTTBP-IOW PUHP $BAL3 L BHI 3CPBBY. 

~ BiTABLI3B PPOMCOL FOR VACuull WJIPHBYT IYSTALLATIOY IN I C s .  

I 1-10 BITMCTIOY HACYE! U/ YATBP WLlD SBPTUII: PBPLACB IY '88. 
I 

I 

I PUS'r IN 5' STUICBT SBCTIOYS: MODIPT. 

- 8 -  

BLBSSER I 

BLBSSBR I 
-2 -  

-4- 

BLBSSBR i 
- 8 -  

AURBNS I 

...................................................................... ^ 
. . . . . . . . . . . . .  ,,:. .......... .. .*. ..... ........................................................................................... 

~ _._,.,_____,._,.,_ ... ~-- ,  
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AGS OBPAKTHKRT ACCBLBKATOR IHPROVEHEHT PROCRAHE 
VACUUH PKLATBO PROJECTS 

TABLK 38, BKV. A Kilo H. Yelch, Joteph Tuos~ola 
Septeiber 25, 1987  

ACTIVITY OB ITBH 

: COCRIZAWT STAFF TBWTATIVB'SCHEOULB : 
PPIOPITl 

YUWBBP 

-- 
21 

22 

TECHNICAL JUSTIFICATION 
_I 

I COHHITTEB : AIP YOBK ; C 0 H H E H T S 
P H V S I C I S T  I TO UBBT : COWPLBTK : 21 111 

___-_______ -t ---______----a -_ : UWWBCBSSAPY SBALS; USE OF KPOXIBS i PHENOLIC. 

: YATBP FBKDTHPOUCE ' C L Y P T O L B D . '  

: G I L L  

I KOCBB! 
-- I - 

1-20; CLEAN UP I IHSTALL STD. CHAHBBR IN F-20. 

1-5: 'FIX Y A W  LEAKS AND AOO. PUHPIHG IF KKQUIPBD. 
-I - 8  --s- 

23 I 8-1 CAKBOW FOIL:  ALTBBHATB ROUCHIHC. I BYDPOCABBOY COWTAWIHATIOW PROBLBH. : VACUUR 
-I - I - 4 -  

24 8-5 CUBBBYT IPOPHBB; BBHOVB DO BBOBSICU. : IYCOHPATIBLB UEV HATKBIALS. : !Ins 
-1 , 8 -  

25 : 8-1 CABBOY FOIL: YBY ISOLATIOW VALVB I CEAHKBP. : OIL WYTIWIYATIOY PPOBLBW. : VACUUH IS 
-I 

16 : lLILlIYAfK 5'  SS OVAL CBAWBBP9 YBBPB HOT PBQUIPBD. Y ~ K P O U S  SUPBKFLWIUS FLAWCBS. 
_____ 

BIG1 AHBIBHT I DYWAHIC CAS MAD; ADBESIVBS. 

CBRAUIC-TO-ILBTAL JOINT; LIBERAL USE OF 'SPHAY.' 

VACUUW 
- 
PBPBTA 

LBOWUARDT 

RBPBTA 

Unir.Hich 

JABMHSKI 

VACUUH 

CAHKPOW 

VACUUW 

VACUW 

VACUUH 

VACUUK 

- 

- 
- 

- 
- 
- 
- 

VIWASSBLT 

BLBSSBP 

RATHKB 

BLBSSKB 

PATWBP 

BAKMW 

1.1.LBB 

1.Y.LBB 

BLKSSBK 

BLBSSBP 

AHBBWS 

~ 

- 
- 
- 
- 
___ 

- 
- 
- 
- 

8 
-8 

11 8-20 YIBB SBPTUH: OIL FBBDTBROUCE, OLD OPIVKS I VACUUH BOX; BTV! 
-0. 

28 : FAST QUAD BEAH 'PIPES': BBPLACB YITH WBU OBSICW. 
I 

-1 

19 i C-20 WIPE SBPTUU: BLKCTPOSTATIC I H F L B C M P ;  AUCHBYT PUHIYC. . ' 

20 

31 

-1 : C-10 POLAPIHBTBB, 'FISHLIWK BOX;' AUCHKWT PUHPIWC. 

: 1-20 LIWAC/ACS IHJBCTIOW: CAY BE PBPLACBO U/ STPAICBT PIPE. 
- 0 .  

-1 

DYYAWIC CAS MAD. 

BIG6 AHSIBYT & DlWAHIC CAS MAD. 

YUHBPOU3 WYBBDBD FLANGES L JOINS. 

ISOLATIOW VALVE3 TO PPESKBVB WBIGKBOB VACUUH. 

UBTSODS I PPOCBDUKBS. 

NIYIHIZB AHOUWT OF SYSTBH VBWTBD. 

DOW'T YBT U O Y  IF PKOBLBH KXISTS. 

PBDUCB VACUUU JOIWTS & USE HBTAL SBALS. 

D 

I 
-1 

12 i 1-10 BBAH TUWBP: BBBPITBS IW VAC. KBQUIBB MWC BABEOUT, OLD 'BOX'. 

31 : BUMP WIN: ASSBUELY I STOBACE PPOCBOUPBS. 
a 

-I 

I 
-1 

I4 ISOLATIOH VALYB BBTYBBY 'SPLITTBR3' I SECONDARY E l .  WON. 
I 

-1 

15 

36 

31 

36 I 

I P-5/B-5 S I Y C L B  BUWCE KITKACTIONH KICBBB HACWBT; UBASUPB TUBOUCBPUT. 

: L-10 BBAH CUBEBWT WOWITOR: HODIFY. 

: CLbllPS,  13' I 15' 0.0.: ASSBSS ILBCBANICAL IWTBCPITY. 

. -0 

-1 

I 
-1 

6 

Y.A. I- 




